In this paper the PAPA model, constructed for the Brazilian economy, is described as well as some simulations of policies made with this model. The PAPA model is a Computable General Equilibrium (CGE) model of the Johansen type and the solutions of the model are given in growth rates. This model is based on the ORANI model constructed for the Australian economy and in that sense it is a general purpose model that can be used to study the impact of different economic policies on the Brazilian economy.
Introduction
The PAPA model constructed for the Brazilian economy is a Computable General Equilibrium (CGE) model of the Johansen type (see Johansen, 1974) and the solutions of the model are given in growth rates. This model, described in full in Guilhoto (1995) , is based on Guilhoto(1986) which in its turn is based on the ORANI model constructed for the Australian economy (see, Dixon et. al., 1982) and in that sense it is a general purpose model that can be used to study the impact of different economic policies on the Brazilian economy.
The main differences from the ORANI model and the one presented here are: a) the present model breaks down the demand for household consumption by different income groups, and introduces an equation linking the workers income with their expenditures, allowing, in this way, for the study of income distribution problems; and b) the model presented here assumes that each industry produces only one type of commodity, in contrast to the ORANI model that uses a more general industry by commodity framework.
The results of the model are given in percentage changes, which can be interpreted in the following way: for a given policy change A, in the macroeconomic environment B, variable C will differ in the short run by x percent from the value it would have had in the absence of the policy change; in the long run it will differ by y percent. Thus the model involves a comparative static analysis. The difference between the short-and the long-run is that in the long-run capital stocks are allowed to change. The results for the model are not given for a specific period of time, but for the time necessary for the variables to adjust themselves to a new from an old equilibrium position that was disrupted by a given policy change A.
To derive the equations for the model, one starts from equations in level form and then derives the percentage-change form for this equation. In doing so, one will get a linear system of equations in which the number of variables will be greater than the number of equations. In using the model, some of the variables will have to be made exogenous to solve the system. The choice of what is exogenous or endogenous will vary according to the uses to which the model will be put; however, the choice does involve considerable judgment and is not without problems (for a discussion of closure, see below).
The paper is organized in the following way; section 2 presents the main characteristics of the model, while sections 3 and 4 discuss respectively the methods used in solving and closing the model. Two simulations with the model are presented in section 5, and final comments complete the paper. 
Model Description
In the PAPA model equations are derived for industry demands, final demands, prices, investment allocation, market-clearing, and miscellaneous definitions 3 . The original system of equations is made of 19520 equations, and 40986 variables, to make it into a workable size, the original system was reduced to a system of 6452 equations and 8316 variables 4 .
The system of equations of the model, presented into Table 1 , can be divided into the following blocks: Final Demand, Production, Market Clearing, Price System, External Market, and Economic Indexes. This set of equations can give an idea of the size and capabilities of the model. The system of equations in the PAPA model is defined for:
1) 33 types of industries/commodities (Table 2) The original set of input-output tables used in the model are for the year of 1980. A complete description of the data set used in the construction of the PAPA set is found in chapter 5 of Guilhoto(1995) .
In the next section its is made a discussion of the ways that can be used to solve the PAPA model.
Solving the Model
Following Pearson and Rimmer (1983) the equations of a CGE model can be written as:
where F, in general, is a non-linear function, Z is a vector of variables, Z 1. is a partition of vector Z with the endogenous variables, and Z 2 is a partition of vector Z with the exogenous variables.
In the Johansen-type models, which is the case of the PAPA model, the resolution of the system is done by first linearizing F, near a know solution of (1), in terms of percentage changes in the variables Z . Equation (1) The Euler, Gragg, and Midpoint methods are methods of multi-step simulations, i.e.,
given a shock it is divided into smaller ones, and in each step the linearized equations are solved for these smaller shocks. After each step, a new point of equilibrium is found and the coefficients and parameters of the model are recalculated. In general, the more the number of steps, the greater the precision of the results. Euler's method, with 2 steps, the first solution is given in point D where one has a new point of equilibrium, and the system receives the second shock, which gives a final value of Y E for the endogenous variable, and the linearization error is giving now by the interval BE, smaller than BC. In the cases of the Midpoint and Gragg methods, the first step is identical to the Euler's method. The difference is that in the second step, while the Euler method follows the tangent starting at point D, the other methods follow the same direction, but they started in the previous point, as can be seen in Figure 1 , the segment AF is parallel to the segment DE, giving the value Y M for the endogenous variable, with the linearization error giving by BF, smaller than the one presented by the Johansen and Euler methods. 5 The remaining of the discussion in this section is based in Pearson (1994a e 1994b) . A more detailed treatment of the theory is presented in Atkinson (1989) , while discussions of utilization of these methods in CGE models can be found in Rimmer (1981) , Dixon et. al. (1982) , Pearson and Rimmer (1983) , Pearson (1991) , and Dixon et. al. (1992) .
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Solution Methods of GEMPACK Program
The Gragg and Midpoint methods are similar, the difference being that the Gragg does one more step. If one chooses n steps, the Midpoint does n steps, while the Gragg does (n+1), the Gragg method starts near the final point and takes the exogenous variable past its end point. This is done to obtain a correction to the result after n steps, giving in general, a much more precise result than the one that is obtained when it is used only n steps.
Following Harrison and Pearson (1994b, p. 5- Experience with the PAPA model shows that the results obtained with the Euler, Gragg, and Midpoint methods do not differ much among themselves. But given that the Gragg method seems to be the one who gives the more accurate results, it is wise to use this method with the extrapolation of the results obtained in 2, 4, and 6 steps.
The next section presents a discussion of options that can be used for closing the PAPA model.
Closing the Model
Giving the way that the model was constructed, it allows for flexibility in choosing between endogenous and exogenous variables, i. e., flexibility in choosing the way that the model is going to be closed. But, despite this flexibility, the choice of the set of endogenous and exogenous variables can not be done in a random way, in general variables that are not explained
by equations in the model should be set exogenous. An overview of how to close the model is given by Dixon, et.al. (1982, p.148 The model can be closed such that results can be given for the short-or for the long-run period. In the short-run closure, the vector of capital stocks is exogenous to the system. In the long-run closure it is endogenous to the system, and either the vector of the rates of return or the vector of rentals on capital becomes exogenous to the system.
Further discussion about closure in the ORANI model, and that can be applied to a better understanding of how to close the PAPA model, can be found in McLaren (1980 and 1981) , Powell, Cooper, and McLaren (1983) , Cronin (1985) , and Powell (1985) .
The experience of working with the PAPA model shows that it is possible to define a basic set of exogenous variables, that help in choosing the way that the model is going to be closed. This list of variables is presented in Chapter 6 of Guilhoto (1995) , which also presents a more detailed presentation of how to close the PAPA model.
Two simulations with the PAPA model are presented in the next section.
Simulations with the Model
As a way of showing the capability of the PAPA model this section presents the results of two simulations. The first one, impact of a 25% across-the-board tariff increase, allows for a comparison of the results from the PAPA model with the ones presented from the ORANI model for the Australian economy (Dixon et.al., 1982) . The other simulation measures the impact of a 10% increase in the exports of selected Agricultural/Food Industry Industries.
The results of the simulations presented here were obtained with the utilization of the Gragg method with extrapolated results for the simulations of 2, 4, and 6 steps. 6 Due to the great number of endogenous variables in the model, the results presented here are only for a key set of variables needed for a better understanding of the simulations results, as well as of the capability of analysis of the PAPA model.
The numeraire in both simulations is the exchange rate.
Impact of a 25% Across-the-Board Tariff Increase
In this simulation it is made a 25% across-the-board tariff increase, so one can compare the results obtained in the PAPA model with the ones from the ORANI model.
Despite the fact that the closure presented by the PAPA model being similar to the ORANI model (see chapter 7 of Dixon et.al., 1982) , due to the particularities of the models and economies, there are some differences: The results, for selected variables, from the simulations of the ORANI and PAPA models are presented in Table 3 .
The results show that in the two models there is a fall in the aggregate employment, in the aggregate exports and imports, and in the balance of trade. The fall in the aggregate employment is greater in the Brazilian economy than in the Australian, while the price impacts are greater in the Australian economy. These results suggest a more tight situation in the possibilities of imports in the Brazilian economy than in the Australian economy, i.e., in the Brazilian economy there is not much substitutability between the imported and the domestic goods.
In the Australian economy, the increase in tariffs will generate an increase in the demand for domestic goods, which in turns led to an increase in the production and in the prices of these goods, followed by a fall in the level of demand, this will repeat itself until the system goes to a point of equilibrium. At the end, the substitution of imported goods by domestic goods will led to a equilibrium point were the fall in the aggregate employment is smaller in the Australian economy than it is in the Brazilian economy.
The ORANI model, as well as the PAPA model , show differences in the results due to the solution method used. What suggests that in the first moment one should use the Johansen method to test the sensibility of the model to the set of exogenous and endogenous variables, and after that use the Gragg method, for example, to obtain the final result of the simulation.
Impact of a 10% Increase in the Exports of Selected Agricultural/Food Industry Industries
In the simulation presented here there is an increase in 10% in the exports of the following industries: Source: Guilhoto (1995) The increase in the exports of these industries, without the respective increase in prices, means that there was a shift in the demand curves for the exports of these industries. As can be seen in Table 4 .A, the increase in exports is followed by an increase in the level of the economic activity, with and increase in level of imports (smaller than the increase in exports). From Table   4 .B one gets that despite the fact that the level of exports decreased in all the other industries but the ones that are receiving the impact, the aggregate volume of exports increased.
There is an increase in the production level as a whole, where the decreased in the production level of the industries who produce durable and capital goods is more than compensated by the increase in the agricultural / food industry industries.
The last section presents some final remarks about the PAPA model.
Conclusions
In this paper it was presented an overview of the PAPA model, where the main characteristics of the model were presented, as well as two simulations made with the model.
From the above presentation one can see that the PAPA model is working and giving consistent results for the Brazilian economy, but, there is still much work to be done, among other things, the PAPA model could benefit from:
 A better and more updated set of elasticities (still to be estimated);
 The utilization of a more recent set of input-output matrices (still to come out);
 The specification of the labor type by occupation and not by income group;
 A more detailed treatment of the investment in the model. In summary, despite the problems that the PAPA model presents, one believes that is potentialities are great. The first step, the construction of the model, has already been done, and what is need now, it is a continuous work of correcting the problems and improving the PAPA model such that one can get better and more accurate results for the Brazilian economy.
